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Abstract

Since breast cancer is known as one of the main mortality reasons of women around the world, it
would be most important to provide and develop early recognition methods for timely diagnosis,
especially without using invasive imaging techniques and with fast response. Thermography with the
contactless property and low cost, combined with a fast and reliable method to classify imaging results
can be an ideal option to achieve this goal. This research aims at using breast thermography and a
recent neural network method called extreme learning machine (ELM) as an intelligent and efficient
classifier to recognize the cancer. We have also studied the development of this classifier as the
kernel-based multilayer ELM. In the proposed method, at first, breast images are segmented using an
automated segmentation to generate the region of interest (ROI) of the left and right breasts. Then,
by extracting texture, color, and shape features, and presenting them separately or in combination with
the neural network, the performance and efficiency of the method are evaluated. By experimenting
with various models of local texture extraction, such as local binary pattern (LBP) and local ternary
pattern (LTP), as well as using RGB and YC,C; color templates, the best results of this research in the
database for mamma research with infrared image (DMR-IR) database belonged to the proposed
combined LBP-Mix and the LTP texture features achieving more than 96% accuracy and 100%
precision.
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Table (1): Definition of the used shape features
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Figure (1): Schematic of the proposed method

Table (2): ROI determination algorithm (Algorithm 1)
(\p;;)"”f.ﬂ) ROI yss wi-.{)sﬂ‘ (V) Jgo=
Ty olge
aie 0315 ol G 5l (599)9 pslad $3959

A5 0590 4>l 00gazme b pglas =TI

S eSln 5,5 ails 50 31 onlinl b ol (slao,lS b lalins sl 5 o s sloplSe (30,5 i | pyo ol

(29993 pgai )3 LI gloyho B3> pgal (13,5 2l Py P8

Sy iy B a0, S5 5 iy IS S LS5 gl iy 5 iy b bl i s |
39 31 (655 peNilis 5l oolail b aalsl ;o .0g8 oo a8lo] ugd (goue jlade 4y 00ls oKL ygal bl b cenline (goue laas
jwl)law)‘ u))‘é O¢>9 \ )L.\.Odoésu;:l})‘sob; J..:‘M..\.:.G.w5oLw).19.»a.ad.>oMi wéda).’ya; 5).‘51)0—?9..» r:lf

Sl ol V 02,6 (Y) Jgoz 50 paiBre jgbas 0uiS o 0,33 1) paal ol B YL

ol 5 oz Ol Goipmndi —F-F

288 ol e sl osliinl b unl) 5 o Gl polal 4 pgal G sl e3liday Shoy B 4 i (o
S 095 (nl 5 () IS (satprnds Sob ails pgai] mjlo oo 0yl 35505 Sy Bl 5 5 Db Ol s
Ol RO axb (yos al> o 5l am lall a5 O g0 pl 4 000 o0 Ojse alllas & jsod conl) 5 o sloglny
225 sl ) Gl IS8 gl 3l sl s 9 meiS (o0 Silolaz ROI g0 (09, caas i oslanl L 1) el g o
S oo ool

(55 3 Jlome Szl bl b 0055 55 Joo Gliny 5 a3 b (o Coond 55,5 (aled slp ol jo =) o8
oo Saly (Bad STam) | olids, b e b i Sob b polie 5 oad plol VY Sud Jade 5 VIV
Uy T 51 7S ol b g slizl ) T 8,5 (ol Shes a8 & olyn bl 5 loes) g
Nigd oo BA>

Cawdas olael Jlade 5l g g I8 akinl maw Jl g aw b, pgas OtSU  xawais (5,138 abuw] by, 5l eolatwl L =Y o8
52 5nS Fee 3] Jolo a1 oS e e |y oy 55 53 S ol 5 455, by s 5 5 ol

V)



G 9e ygaled —ololas Lo joues [ pglal [0 diew (b s diolign auseid

SIS alw] mhaw Sz B aS |y 6 pgal « g0 (il il 50 g 0uiS o0 00033 1y o0 (6, IS5 wkiw] o 4w b 4S5 95
‘) J..al_‘> ).)9..4) M )JOLD.A ‘).L:J S)ge =Lvl.¢...u—| )L.\.o.a Lu UJ; o).a..."?S )‘ S dalal e 11"‘)5&50 ).Ia) e ‘) Sl 00
oS oo B> |y iyl eSo A el S colus Hlase
5 OtSU 39y 4y (xbaws wiz o SAlinl b a5 (s pagai 515 Vol )0 gl (30,5 525 5l a5 (29990 (2led jasles -V o8
0255 2 AND [K50Ss b 1 ol cawsds Yl 50 o1 (59,5 055198 prnn
Cobas g Jsb b yolie o 5SzsS szl Sliogas 655,54 5 ngal 10 35750 Slizme yolie gy bl =¥ 8
oalaiol b e oS g0 B> 50,5 3L swlidicsn, Slae jloslainl L) w3 a4y Cans Dglaie 4yl5 9 S
WJKs YL cly g o ads sanaabd slagbiny pglai b o] 0yl g Gl ) b3 Slatie jlead 4y Sl
Bgd oo Jol> (V) K& ol nglad
Ll pgal lail aS & jso cpl a4 ouiS g0 oolatnl o 50,5 log hg,y 5l ais (bl pliay 55 s peai o 51-0 68
Iy Woyam 5 diwy sbalad  cwlibcsy ) Sldes 3l ool b e g 00,5 Sbad canny wile Sbad (g, SO 5l oolaal
étxmcbks‘oja‘o SALMM?U) G)L.}L.u)..a.a.cb‘) k}.ol});ymw W‘“"S@WSOM @bu ))5@ )‘ l) 0190\);”):
Cawdds T g9l Bl Lo 5l eolatwl b1y a0 pls Coles 10 9 oS o0 AND ouls Sbad pgai b gools ™ 55 Y
| OJ.AT A w_.u)}in (Yl) LJB» B [b"‘)ji
30 Y o ,oSl 5l eolainl L) cenly 5 c s lins (goipends ol e a8 sl ools oSGL molar 5 slasgad (V) JSCo
S oolanl b as coul 00ls oSl g 51 slaiges (F) JS a0 po lis 1y (ool bles o] o Gl 55 b3 a5 >
2 a3 Otsu 5,138 Gliwl 5 pgad 10,5 55 5l eolatul b ojlge 25T 10 0m o ylid |y a8 5 & g0 ¥ 0,651 51 oolazul
Soalo Blo s 5 ) b (o o5 Sl b (ol Jae e @) 085 oblai g o iy b S st o
Seslatal b ol () polal gupemds glp .l cavs liy Jod aseis 1 eolatnl b ol 6 4 )lg5 oo
SSE Sy 5 e slagli SAUIG oy, 4 G 9 005 ZlFl 1) (g s (550) ROI poai 1 o653l

<l sl S g gl piw! -F-F

oo (529995 Gl cl S hnog -F-F-)

Siog ol sl oy 0aliul ypai Col sl Sis gl Caz ol dils o s 5 LBP 51 colgiing s, 5o
5V Job a) Ssb ;o LBP pl Sstecs ned 9 (soloe Ssb 3 & pgad ol b 500 b 5 gl S 55, 2 LS
Sgd so (5 I8 sl LBP-9Block pgo Jow eyl jo conl aid, a9 Job 4 Jlop S JSs s Jlas! s
Soliie (oo il (Shg sla)loy LBPr iz 1 oglad sz 0 LBP slajlo s oS5 b ooleiiny by )0 Guize
(VF) o2k, alal, b alidee glad ¥ 0 LBP slapl Sginco 5l Jol> (s )l bl Oloe 5l el 00l (o) 0 5 o8
Lol e BB s sl

(LBP, —LBP,)’ —(LBP, —LBP, )’ (Y¥)
Ol 5o e Sl wals vgzg (10 sk ) Ty b S neal So Sek A5G 2 65, 2 dse il eSS L
Sl a5 s s 5 a2 g0 iyl 5o oty Sl glaglads 45 ol 1S5 a3 03Y 555 oo o0eli LBP-MiX allie

lodds e 9 R

Y)



VO-Ye /VEF Lol /90 5 Cuads ol foo L Jlw /3 G ;0 Jiadigd sl oy, 4 il

Table (3): Breast segmentation into left and right parts (Algorithm 2)
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Figure (2): Extraction of left and right breasts from the ROl with sharpening and Otsu thresholding
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Figure (3): Left and right breasts segmentation using edge detection
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Figure (4): Color image segmentation using the ROI
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Table (4): Results obtained from texture features without PCA (percent)
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Table (5): Best results obtained from texture features with PCA (percent).
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Table (6): Best results obtained from color features without PCA
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Table (7): Best results obtained from color features with PCA
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Table (8): Best results obtained from combination of features with the ELM
Wiy (7250l (rebilo ATl b b Shg S 7 &)l gl o ¥ 2 :(A) Jgazr

b Sy sy oo e | Gpdymidd | Comlee
LBP_Mix, Green, Shape (sigmoid) afNY Yoo Voo YAIOY
LBP_9Block, Blue, Shape (sin) q-/64 AAN v/ \ATARY
LBP_9BIlock, Green (radbas) ¥y Voo Voo YAIQY
LBP_Mix, Green (sigmoid) ¥ Y Voo Voo YAIQY

Table (9): Best results obtained from combination of features with the MLP
aYaia (g iy 850l 4 B Shrg caS 5 &1l 51 Jole bl (5 5 :(R) Jeua

o o519 s 5 como | 2By | spiomiis | Cpmbus | oo 5nfila 5l Sl
LTP9-Block, Ch ay/a¥ Voo Voo AMAR AR
LTP-9Block, Cb, Shape SIAR A+ af/AY YAIOY Y.
LTP-9Block, Shape ayv/a¥ 7. v/t fY/IA?P YYIVO
Cb, Shape 9 /vg O AAYY AATAR ARVER
Table (10): 3-fold random validation for the ELM
Wbt 63250 (ilo 31 ol Ailaw (Bolai (g yliel :(10) Jguar
ool S e By | (ondyaRid e
\ a7/fY Yoo Voo O
Y ELM, LBP-Mix 0/7f Voo Voo YY/IXY
Y a7/fy Voo Voo O
Oeibes 4%/ 0 \- Voo Aa7AR
O ySlos du Lo —O-Y

)LM) 1y kS'LA.MJL?us )la L: 9 o..\m (_gl.éuqa) l) 9 usLD.A.a ‘_glsb)l.uuo sG@L@Dl La.au 9 ual&...n ulfelo )l oolazwl ..\.._>).Q

dz bl 4 Cwnd (pl jo ol legh mls )l A.Sb Sy ol oo lado 1) mls alhais anlio Sl iy

5 oolitwl b arw olb g3l a1 5 askis @l [YY] aope j0 09800 o)lil jaide &jgod 3] iagh
GloaSos & lete 0ol 5,155 s 5 Ul gillas ol 48,5 )15 anglie g suyp S50 (355UsS cmas (sloaSiod
AlaBl Caws i de) Al s sbcds 4 a4 conl (Bl S sele b pndolise wiald polal 5 e g Bees oeac
ORg% I8 y05 5 polo (hg% Ghe, b dnlie ;0 (65Thin s (B5el Loy 5 6 b3l (Sauzn ) et cpl 4l
03,5 i)l 2 gele polas yo 1) o, W b aras cds Clices p,5 Sl aadsn ig, S5 L s [V a1
oomankad 5l ey sz Band g, 40 a5 3,8 o Lol [VF] ao e o 3uios 4y olgiae 590, oS0l sl Lol .ol
uﬁl) 9 P‘;BM “5.....4[5)5 4‘5..4[....»@) ‘LS)LO—‘ Do ‘SLQ‘;).'B C‘)M‘ aQ (0¥ ool oliab A&' ).'sl.»aa L) ulﬂﬂ)
055UsS bty & plle e 5 plle & gamail 5 (Shy Sl G laislsy (Mgl yom Gl ()
Sgd> )0 w swy‘é] ..\...:4.9...’0 9 k&».a.') p.u)ji” A-L».A.Hﬁ L L;).'s ul}w‘ l) AW u.u)l)f C.)Lu u;).))J Sl 00 xR
3 el como | ieS g BB jsbay adl a5 wlos S @l i) 5 o slagbing sl o 54 Wy AY 5 AD

V)



G 9e ygaled —ololas Lo joues [ pglal [0 diew (b s diolign auseid

i azliz Qols Dlis oy aizje O ) Jgaz] col Bios ol solering slaSihs b dicder 550k (il
5 (CNN) P iolgils cac slaaSed g geos 550k 31 [YO] am o 10 09 lysu pone SLIS ol anglio o
Sl )b b jo50e by, el ol osliiul Jlew g plle Sl g0 @ aw pglad Gamaiil Slp G leanee
Slp weys WAD como pliee 4 (b2l o8 5 Gijgel Bl 5l 02) Gebon cnl (ool o9y b amalio jo ity oy
St )0 ewlul Dglds p ogdle ax ST el aisl cews 03 VT ol glools oL 0 0z ge (Bl See s gl
b (oo WS o Hlade |y allaate anslis lem 485 e Buiod [0 olaisl g Dglaie Bols 1 eslaiul sl
SOl Lmgh sages Bl b 3l slaiagh alex | cadls axg BB olge |y Gais onl b pol> Liagh
Sl 5 (gas Also) Saalnyd (IS0 (oo 5 (55,0 b (g, 45 2,5 o)Ll [YF] a2 o 4 (g5 oo OMRAIR)
@ (S o5 3190 eend) (6,5 JLye Al yo ;0 a5 oad WLl (G3lad 00 i Sle 5 L Sl Sy 5l eolitul b (gal SO)
pobai s SVM anaa b sl oolasul b ol oled e aloje 10 5530 by, ol a8l Cews oy A9
Sl (golginiinn aiinn (6,50 Al bl 3l eSS g 0gu> j0 AT 00,5 Cud | e ,0 A cds Sbiwl Bl S e s
oEsls olatal U IYV] oo o %08 W idoh <o 0 omizmen a5 p00le iigel 5 kSl slls andl as
L )sSde Geiod )0 ol Stmghy el oad o)lal Gl plbjw pandis & polal samadds 5 Bilop 5 (PS5 se s
S Siy Ll 5 o) sz bl el gy o 5l eolial e 5 Tl (s glird 5 nslal ganadds
15 dols uail cono il b s eSS 4 35e cled atem b SVM anai b 5,5 5 cules 5o 5 wsllas
25l Legae o aline (sloig; 5 SUIGs8 bt (ubuly ol o (355 a0y3 AYIAS il Sl a0 53 gy o]
P9y e g azss JB 1) oud all @l (g oe whiias 13,55 ol gk 4 Cud S (S 9 Sl

< ~‘\> 6‘) . .:"7

& oS dxpl -7

2 e Ol lb iy paris Sq diden 650k edle 5B ey, Regh (nl Glasygles 5 @l
13,5 4MS 25 9)l9e )3 Glgise |y (S 90 laodls jl g Fas sla g

Srp gmaid mls a4 alin slo Ty 5l colaiul b casl ol 4, iy omae oaSs b anglas ;o ELM asis -
Soo 50 oy 90 B Sy o aSd cnl 5l e 6l end oLl sl Shy R Gl PR al b cews
G a5 () 590! piiin Jlows o 9 Cggw @ a g5 b el 0090 )] Sl 40 0o )0 00 51 s g gomail
5,5 oyt s5ie Ban gl |y o] 3l eslitul s e im0l Jisle Solu s Jslate oae sloaSad 4

oyt eload @lS (p e 4 e (Jove 8L aliprens la Shg (e (nl o Al 3550 o Fhg Gl 5o -
eJiw uo&.»a.?u 9 &) ssle )i:\) 6&;)45 005)3‘ aS w‘ 4}5; u.]l} L}A—m U"‘ )o IR é}.&ﬁ LBP'MlX ‘5&‘;)45
DMl S Wl S 09 5 e (25990 5T laglad et sl 00,85 ol Larsts @l o sz LB Sonte
ol wlitie g LTP asle Sy ol Al axwgy sla S 5l el o cizmen (ol 009y (ipgh ! 955liwd 3 g pieo
A 5 Q) «(F) o Jgaz jo 5 wols lias bagilwans 5l ol o0 gull asslis coled o .l ool oolaswl 38
PO Gloglts b (oS5 o 5 5 0ol ganSok ngad sl (e (25990 o8 el osalae LB (V)
S 9w g pedl clie bl )0 Gl 1) 3 )5 cnl 50 5550 la Thy 65 p e )5 al lacn 5 p
Wik e aVaiz Jae aile dicion 6,50k udle Fodumy sla o 3l eolatwl a5 couil Koo axg5 hB o g0 -
@S Giagh Gl 0l 50 el oad jg (a3prend 5 S8 4 e ;00 Sad )l 9550 )3 BT (pan )0 4z S
Cand 4*.454 J.ALQ L?Lu‘ o JS)O U"‘J)L'" 9 u_i;) LSLQQ;J"B 6‘)" w.wLm} )L;uuo S)g90 4o )ia S| OQ)S_; 45‘)‘ 6).')4

(YA)



VO-Ye /VEF Lol /90 5 Cuads ol foo L Jlw /3 G ;0 Jiadigd sl oy, 4 il

i opl plsl ylej 10 0gd o Slgidan o] o Al &g 40 GZ0s eols slaoll ;1 eolaiwl bz ol dslsl g
&meg) as L?u] )l YW 45|)| QT SS9y X u.....mjf CUL.J ln).'>y 9 09y Lo u.u).»..m) e clf.ul.u Le‘.u DMR-IR osls oli.ula
bl Soloay wad By o il sle Sy 9 ELM anasl by [Soss sunashd alex 51 golpain,

5 by 4rss R llie 4 axgi b g oogr Sae 4 Slprin cnl szl w1 ools slaacgarme plo jo solinul
bl |y alie gl )l 4lg co golpiing anail

&l el

p3Y 055y O digi el Lz sl (ool ST oSl 5 0l ouli 5 090 asliphly 5l s allis ol
9 plasl o1y Lo aS oy ume (lygls 9 (oDl sl3T olisls g 055> hlSen 511 355 aleres ,Si3 il als oo
aisles el calodgad 5,k alie oyl S (olas)|

References

&=l

[1] M. Plummer, C. Martel, J. Vignat, J. Ferlay, F. Bray, S. Franceschi, "Global burden of cancers attributable
to infections in 2012: a synthetic analysis”, Lancet Glob Health, vol. 4, no. 9, pp. 609-616, Sept. 2016 (doi:
10.1016/S2214-109X(16)30143-7).

[2] Y.X. Lim, ZL. Lim, PJ. Ho, J. Li, "Breast cancer in asia: Incidence, mortality, early detection,
mammography programs, and risk-based screening initiatives", Cancers, vol. 14, no. 4218, pp. 1-21, Aug.
2022 (doi: 10.3390/cancers14174218).

[3] S. Chakraborty and T. Rahman, "The difficulties in cancer treatment", Ecancermedicalscience, vol. 6, Nov.
2012 (doi: 10.3332/ecancer.2012.ed16).

[4] R.C. Travis, A. Balkwill, G.K. Fensom, P.N. Appleby, G.K. Reeves, X. Wang, A.W. Roddam, T. Gathani,
R. Peto, J. Green, T.J. Key, V. Beral, "Night shift work and breast cancer incidence: three prospective
studies and meta-analysis of published studies", Journal of the National Cancer Institute, vol. 108, no. 12,
pp. 1-12, Dec. 2016 (doi: 10.1093/jnci/djw169).

[5] M.A. Aldhaeebi, K. Alzoubi, T.S. Almoneef, S.M. Bamatraf, H. Attia, O.M. Ramahi, "Review of
microwaves techniques for breast cancer detection", Sensors, vol. 20, no. 2390, pp. 1-38, April 2020 (doi:
10.3390/s20082390).

[6] S.V. Sree, E.Y. Ng, R.U. Acharya, O. Faust, "Breast imaging: A survey", World Journal of Clinical
Oncology, vol. 2, no. 4, pp. 171-178, April 2011 (doi: 10.5306/wjco.v2.i4.171).

[7] D. Singh, A.K. Singh, S. Tiwari, "Breast thermography as an adjunct tool to monitor the chemotherapy
response in a triple negative BIRADS V cancer patient: A case study", IEEE Trans. on Medical Imaging,
vol. 41, no. 3, pp. 737-745, Mar. 2022 (doi: 10.1109/TM1.2021.3122565).

[8] M. Madani, M.M. Behzadi, S. Nabavi, "The role of deep learning in advancing breast cancer detection using
different imaging modalities: A systematic review", Cancers, vol. 14, no. 21, Article Number: 5334, Oct.
2022 (doi: 10.3390/cancers14215334).

[9] C. M. Wong, C. M. Vong, P. K. Wong, J. Cao, "Kernel-based multilayer extreme learning machines for
representation learning”, IEEE Trans. on Neural Networks and Learning Systems, vol. 29, no. 3, pp. 757-

762, Mar. 2018 (doi: 10.1109/TNNLS.2016.2636834).

[10]T. Ojala, M. Pietikainen, D. Harwood, "A comparative study of texture measures with classification based
on feature distributions", Pattern Recognition, vol. 29, no. 1, pp. 51-59, Jan. 1996 (doi: 10.1016/0031-
3203(95)00067-4).

[11]T. Ojala, M. Pietikainen, T. Maenpaa, "Multiresolution gray scale and rotation invariant texture
classification with local binary patterns", IEEE Trans. on Pattern Analysis and Machine Intelligence, vol.
24, no. 7, pp. 971-987, July 2002 (doi: 10.1109/TPAMI.2002.1017623).

[12] X. Tan, B. Triggs, "Enhanced local texture feature sets for face recognition under difficult lighting conditio-
ns", IEEE Trans. on Image Processing, vol. 19, no. 6, pp. 1635-1650, June 2010 (doi: 10.1109/TIP.20-
10.2042645).

[13]F.Z. Chelali, N. Cherabit, A. Djeradi, "Face recognition system using skin detection in RGB and YCbCr
color space", Proceeding of the WSWAN, pp. 21-23, Mar. 2015 (doi: 10.1109/WSWAN.2015.7210329).

(Y4)


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=8301440

G 9e ygaled —ololas Lo joues [ pglal [0 diew (b s diolign auseid

[14] G.B. Huang, H.A. Babri, "Upper bounds on the number of hidden neurons in feedforward networks with
arbitrary bounded nonlinear activation functions", IEEE Trans. on Neural Networks, vol. 9, no. 1, pp. 224-
229, Jan. 1998 (doi: 10.1109/72.655045).

[15] G.B. Huang, Q.Y. Zhu, C.K. Siew, "Real-time learning capability of neural networks", IEEE Trans. on
Neural Networks, vol. 17, no. 4, pp. 863-878, Aug. 2006 (doi: 10.1109/TNN.2006.875974).

[16] G.B. Huang, Q.Y. Zhu, C.K. Siew, "Extreme learning machine: Theory and applications", Neurocomputing,
vol. 70, pp. 489-501, Dec. 2006 (doi: 10.1016/j.neucom.2005.12.126).

[17]D. Serre, Matrices: Theory and Applications, Springer, New York, 2002 (doi: 10.1007/b98899).

[18]C. R. Rao, S. K. Mitra, Generalized Inverse of Matrices and its Applications, Wiley, 1971 (doi:
10.2307/2344631).

[19]J. Zhang, Y. Li, W. Xiao, Z. Zhang, "Non-iterative and fast deep learning: Multilayer extreme learning
machines", Journal of Franklin Institute, vol. 357, no. 13, pp. 8925-8955, Sept. 2020 (doi:
10.1016/j.jfranklin.2020.04.033).

[20]1G. B. Huang, H. Zhou, X. Ding, R. Zhang, "Extreme learning machine for regression and multiclass
classification", IEEE Trans. on Systems, Man, and Cybernetics, Part B (Cybernetics), vol. 42, no. 2, pp.
513-529, April 2012 (doi: 10.1109/TSMCB.2011.2168604).

[21]L. F. Silva, D. C. M. Saade, G. O. Sequeiros, A. C. Silva, A. C. Paiva, R. S. Bravo, A. Conci, "A new
database for breast research with infrared image", Journal of Medical Imaging and Health Informatics, vol.
4, no. 1, pp. 92-100, 2014 (doi: 10.1166/jmihi.2014.1226).

[22]H. Yektaei, M. Manthour, "A review of neural network detection methods for breast cancer", Tehran
University Medical Journal, vol. 78, no. 6, pp. 344-350, Sept. 2020.

[23] G. Mardanian, N. Behzadfar, "A new method for detection of breast cancer in mammography images using
a firefly algorithm", Journal of Intelligent Procedures in Electrical Technology, vol. 10, no. 40, pp. 23-32,
Jan. 2020.

[24] A. Lashkari, F. Pak, M. Firouzmand, "Full intelligent cancer classification of thermal breast images to assist
physician in clinical diagnostic applications", Journal of Medical Signals and Sensors, vol. 6, no. 1, pp. 12-
24, Jan./Mar. 2016.

[25]S. Ekici, H. Jawzal, "Breast cancer diagnosis using thermography and convolutional neural networks",
Medical Hypotheses, vol. 137, Article Number: 109542, April 2020 (doi: 10.1016/j.mehy.2019.109542).
[26] R. Resmini, L. Faria, S. Petrucio, R. T. M. Adriel, S. A. Débora, C. Muchaluat-Saadec, A. Conci, "A hybrid
methodology for breast screening and cancer diagnosis using thermography", Computers in Biology and

Medicine, vol. 135, Aug. 2021 (doi: 10.1016/j.compbiomed.2021.104553).

[27]S. Periyasamy, A. Prakasarao, M. Menaka, B. Venkatraman, M. Jayashree, "Support vector machine based
methodology for classification of thermal images pertaining to breast cancer", Journal of Thermal Biology,
vol. 110, Dec. 2022 (doi: 10.1016/j.jtherbio.2022.103337).

gy )

1. Invasive 21. Fill
2. Semi-invasive 22. Dilate
3. Non-invasive 23. Circular hough transform
4. Extreme learning machine 24. Triangular basis function
5. Local binary pattern 25. Radial basis function
6. Multi-layer perceptron 26. Radial basis function kernel
7. Support vector machines 27. Linear kernel
8. Deep neural networks 28. Polynomial kernel
9. Auto-encoder 29. Wavelet kernel
10. Kernel 30. Database for mamma research with infrared
11. Local ternary pattern image
12. Single-hidden layer feedforward neural network 31. Dynamic thermography image
13. Back-propagation 32. Levenberg—Marquardt
14. Moore-penrose generalized inverse 33. Principal component analysis
15. Multilayer-extreme learning machines 34. Accuracy
16. Stacked auto-encoder 35. Precision
17. Deep belief network 36. Specificity
18. Multilayer kernel-based extreme learning 37. Sensitivity

machines 38. Resilient
19. Region of interest 39. Gray-level co-occurrence matrix (GLCM)
20. Opening 40. Convolutional neural networ
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